1. I have been engaged for some time, in association with Professor W. A. M ill er , in observing the spectra of the fixed stars. For the purpose of accurately determining the position of the stellar lines, and their possible coincidence with some of the bright lines of the terrestrial elements, I constructed an apparatus in which the spectrum of a star can be observed directly with any desired spectrum. To carry out this comparison, we found no maps of the spectra of the chemical elements that were conveniently available. The minutely detailed and most accurate maps and tables of K irchhoff were confined to a portion of the spectrum, and to some only of the elementary bodies; and in the maps of both the first and the second part of his investigations, the elements which are described are not all given with equal completeness in different parts of the spectrum. But tlrese maps were the less available for our purpose because, since the bright lines of the metals are laid down relatively to the dark lines of the solar spectrum, there is some uncertainty in determining their position at night, and also in circumstances when the solar spectrum cannot be conveniently compared simultaneously with them. Moreover, in consequence of the difference in the dispersive power of prisms, and the uncertainty of their being placed exactly at the same angle relatively to the incident rays, tables of numbers obtained with one instrument are not alone sufficient to deter mine lines from their position with any other instrument.
I t appeared to me that a standard scale of comparison such as was required, and which, unlike the solar spectrum, would be always at hand, is to be found in the lines of the spectrum of common air. Since in this spectrum about a hundred lines are visible in the interval between a and H, they are sufficiently numerous to become the fiducial points of a standard scale to which the bright lines of the elements can be referred. The air-spectrum has also the great advantage of being visible, together with the spectra of the bodies under observation, without any increased complication of apparatus.
2. The optical part of the apparatus employed in these observations consists of a spectroscope of six prisms of heavy glass. The prisms were purchased of Mr. B rowning, optician, of the Minories, and are similar in size and in quality of glass to those furnished by him with the Gassiot spectroscope. They all have a refracting angle of 45°. They increase in size from the collimator; their faces vary from 1*7 inch by 1*7 inch to 1*7 inch by 2 inches.
The six dispersing prisms and one reflecting prism were carefully levelled, and the mdccclxiv.
u former adjusted at the position of minimum deviation for the sodium line D. The train of prisms was then enclosed in a case of mahogany, marked a in the diagram, having two openings, one for the rays from the collimator , and the other for their emergence after having been refracted by the prisms. These openings are closed with shutters when the apparatus is not in use. By this arrangement the prisms have not required cleansing from dust, and their adjustments are less liable to derangement. The colli mator bh as an achromatic object-glass by Ross of 1-75 inch diameter, and of 10*5 inches focal length. The object-glass of the telescope, which is of the same diameter, has a focal length of 16*5 inches. The telescope moves along a divided arc of brass, marked in the diagram c. The centre of motion of the telescope is nearly under the centre of the last face of the last prism. The eyepiece was removed from the telescope, and the ccntie ot motion was so adjusted that the image of the illuminated lens of the colli mator, seen through the train of prisms, remained approximative^ concentric with the object-glass of the telescope whilst the latter was moved through an extent of arc equal to the visible spectrum. All the pencils emerging from the last prism, therefore, with the exception of those of the extreme refrangible portion of the spectrum, are received nearly centrically on the object-glass of the telescope. The total deviation of the light in passing through the train of prisms is, for the ray D, about 198°. The interval from A to H corresponds to about 21° 14' of arc upon the brass scale.
3. The measuring-part of the apparatus consists of an arc of brass, marked c in the figure, divided to intervals of 15". The distance traversed by the telescope in passing from one to the other of the components of the double sodium line D, is measured by five divisions of 15" each. These are read by a vernier.
Attached to the telescope is a wire micrometer by D ollond. This records 60 parts of one revolution of the screw for the interval of the double sodium line. Twelve of these divisions of the micrometer, therefore, are equal to one division of the scale upon the arc of brass. The micrometer has a cross of strong wires placed at an angle of 45° nearly with the lines of the spectrum. The point of intersection of these wires may be brought upon the line to be measured by the micrometer screw, or by a screw attached to the arm carrying the telescope. For the most part the observations were read off from the scale, and the micrometer has been only occasionally employed in the verifica tion of the measures of small intervals. The sexagesimal readings of the scale, giving five divisions to the interval of the double line D, have been reduced to a decimal form, the units of which are intervals of 15", and these are the numbers given in the Tables. An attempt was made to reduce the measures to the scale of K irchhoff's Tables, but the spectra are not found to be superposable on his. This is due, in great part, pro bably to the prisms in his observations having been varied in their adjustment for different parts of the spectrum. The eyepieces are of the positive form of construction. One, giving the power of 15, is by D ollond ; the other, of about 35, is by Cook. 4. The excellent performance of the apparatus is shown by the great distinctness and separation of the finer lines of the solar spectrum. All those mapped by K irchhoff are easily seen, and many others in addition to these. The whole spectrum is very distinct. The numerous fine lines between a and A are well defined. So also are the groups of lines about and beyond G. H is seen, but with less distinctness.
As, with the exception of the double potassium line near A, no lines have been observed less re/rangible than a, the Maps and Tables commence with the line a of the solar spectrum and extend to H.
The observations are probably a little less accurate and complete near the most refrangible limit. Owing to the feebleness of the illumination of this part of the spectrum, the slit has to be widened, and moreover, the cross wires being seen with difficulty, the bisection of a line exactly is less certain.
5. For all the observations the spark of an induction coil has been employed. This coil has about fifteen miles of secondary wire, and was excited by a battery of G rove's construction, sometimes two, at others four cells having been employed. Each of these cells has 33 square inches of acting surface of platinum. With two such cells the induction spark is 3 inches in length. A condenser is connected with the primary circuit, and in the secondary a battery of Leyden jars is introduced. Nine Leyden jars, each surface of each of which exposes 140 square inches of metallic coating, were employed. These are arranged in three batteries of three jars each, and the batteries are connected in polar series.
The metals were held in the usual way with forceps. The nearness of the electrodes to each other, their distance from the slit, and the breadth of the latter were varied to obtain in each case the greatest distinctness. The amount of separation of the elec trodes was always such that the metallic lines under observation extended across the spectrum. The two sets of discharging-points were arranged in the circuit in series.
6. Some delay was occasioned by the want of accordance of the earlier measures, though the apparatus had remained in one place and could have suffered no derange ment. These differences are supposed to arise from the effect of changes of tempera ture upon the prisms and other parts of the apparatus. This source of error could not be met by a correction applied to the zero-point of measurement, as the discordances observed corresponded, for the most part, to an irregular shortening and elongation of the whole spectrum.
The principal air lines were measured at one time of observing, during which there was satisfactory evidence that the values of the measures had not sensibly altered; and these numbers have been preserved as the fiducial points of the scale of measures. The lines of the spectra of the metals have been referred to the nearest standard air line, so that only this comparatively small interval has been liable to be affected by differences of temperature. Upon these intervals the effect of such changes of temperature as the apparatus is liable to be subjected to is not, I believe, of sensible amount with the scale of measurement adopted. Ordinarily, for the brighter portion of the spectrum, the width of the slit seldom exceeded inch; when this width had to be increased in consequence of the feebler illumination towards the ends of the spectrum, the measure of the nearest air line as seen in the compound spectrum was again taken, and the places of the lines of the metal under observation were reckoned relatively to this known line.
By this method of frequent reference to the principal air lines the measures are not sensibly affected by the errors which might have been introduced from the shifting of the lines in absolute position in consequence of alterations either in tke width of the slit, in the place and direction of the discharge before the slit, or in the apparatus from variations of temperature, flexure or other causes.
The usual place of the electrodes was about *7 inch from the slit, though occasionally they were brought nearer to the slit. When they are placed in such close proximity, the sparks charge the spectroscope by induction, but the inconvenience of sparks striking from the eyepiece to the observer may be prevented by placing the hand upon the apparatus, or putting, the latter into metallic communication with the earth.
The spectrum of comparison was received by reflexion from a prism placed in the usual manner over one-half of the slit. As the spectrum of the discharge between points of platinum, when these are not too close, is, with the exception of two or three easily recognized lines, a pure air-spectrum, this was usually employed as a con venient spectrum of comparison for distinguishing those lines in the compound spectrum which were due to the particular metal employed as electrodes. The measures, however, of all the lines, including those of the air-spectrum itself, were invariably taken from the light received into the instrument directly, and in no case has the position of a line been obtained by measures of it taken in the spectrum of the light reflected into the slit by the prism.
The measures of all the lines were taken more than once; and when any discordance was observed between the different sets, the lines were again observed. The spectra of most of the metals were re-measured at different times of observing. In the measure ment of the solar lines for their coordination with the standard air-spectrum, the observations were repeated on several different occasions during the progress of the experiments. The line G of the solar Table is the one so marked by K iechhoff*. When no change in the instrument could be detected, the measures came out very closely accordant, for the most part identical. The discordances due to small alterations in the instrument itself were never greater than 5 or 6 of the units of measurement in the whole arc of 4955 units. As the apparatus remained in one place free from all appa rent derangement, these alterations are probably due to changes of temperature. The method employed to eliminate these discordances has been described.
Throughout the whole of the bright portion of the spectrum the probable error of the measures of the narrow and well-defined lines does not, I believe, exceed one unit of the scale.
In the case of lines of sensible breadth and of nebulous bands, the point of intersection of the wires of the micrometer was brought as nearly as possible upon the centre of the lines.
7. It is well known that the lines of different metals as a whole, as well as the lines of the same metal amongst themselves, differ greatly in their characters. For example, the narrow sharply-defined lines of cobalt and iron contrast strikingly with the broader and nebulously edged lines of antimony and arsenic. The spectrum of zinc affords a good example of the differences in this respect between lines of the same metal. In general, it may be that the less volatile a metal is, the narrower and more sharp are the lines, though indeed in the case of the metals barium, calcium, and strontium many of the lines are of hair-like narrowness and sharply defined.
In the spectra of many of the metals bands of light also exist, generally rather broad and faint, which are not resolvable with my instrument into lines. Many of these have the appearance of being true nebulous bands, whilst others under careful scrutiny present indications of being probably composed of lines. These characteristic differences of the lines deserve more careful scrutiny than it was needful, in accordance with my present purpose, to bestow upon them. As approxi mative indications of their character, the following abbreviations are placed against the numbers in the Tables:-A line sharply The comparative intensity of the lines is indicated by the smaller figures, which are placed in the position of exponents against the numbers in the Tables. I purposed to limit these estimations to the first ten figures, but so many faint lines were seen that the scale has been extended by adding fractional parts of unity. These figures may be accepted as approximative estimations of the relative intensity of the lines of each spec trum. But as the spectra were not, for this purpose, compared one with another, and so many circumstances affect eye-estimations of brightness, these figures must not be taken otherwise than as roughly indicating the values in intensity of the lines of different spectra.
In many cases some of the lines of one metal will be seen to be very closely approxi mated in position to those of another metal, though they do not actually coincide. In the Tables there are lines of different metals having the same numbers, these may with a greater dispersive power be found to be only very near each other. In the case of some, there may be small errors of observation; for to have compared each spectrum with all the others would have involved very great labour.
8. I am indebted to the kindness of Professor W. A. M il l e r for the loan of specimens of gold, silver, thallium, cadmium, lead, tin, bismuth, antimony, arsenic, and palladium. Dr. M a tth iessen has furnished me with lithium, calcium, and strontium* and purified tin, cadmium, lead, bismuth, antimony, and iron. I have procured from Messrs. J o hn son and M atthey tellurium, palladium, osmium, rhodium, iridium, and pure platinum.
I have electro-deposited upon platinum, from the solutions of their salts, silver, man ganese, chromium, lead, tin, cadmium, cobalt, bismuth, nickel, antimony, and iron. I have also prepared by the voltaic method, amalgams of sodium, potassium, barium, and strontium.
9. The air-spectrum.--The lines given in this spectrum are present with all electrod when the spark is taken in air at the common pressure. To distinguish the lines which belong to air, the spectrum between electrodes of platinum was observed simultaneously with that between points of gold. The lines common to both these spectra were measured as those due to the components of air. The spectrum thus obtained remains invariably 145 constant, with reference to the position and relative characteristics of its lines, with all the metals which have been employed. The air-spectrum as a , however, varies considerably in intensity and distinctness with electrodes of different metals. As the lines are due to the stratum of air separating the points of the electrodes, it is to be expected that these lines will appear strongest and most distinct when those metals are employed which, being less volatile, will therefore in a less degree displace the air between the electrodes with their own special vapour. This consideration appears to be confirmed by observation. The air-spectrum is especially intense and distinct when the spark is taken between points of platinum, gold, iridium, and rhodium; whilst, of all the metals which I have employed, mercury and sodium, perhaps, are those with which the intensity of the air-spectrum is most diminished. With these comparatively very volatile metals, the air between and about the electrodes must be, to a very considerable extent, replaced by the metals themselves in a state of vapour. It accords with this suggested explana tion of the differences in brightness of the air lines with different metals, that, if the electrodes be mercury or sodium and a platinum wire, the air-spectrum is observed to be weaker when the current is so directed that the greater heating effect of the dis charge shall be at the mercury or sodium electrode, and to become perceptibly stronger when the current is reversed. It is known that, within certain limits, the air-spectrum is rendered more intense by the separation of the electrodes.
The following experiments have been made to refer the lines of this compound spec trum to the components of common air to which they severally belong:-a. Hydrogen.-The strong line of the air-spectrum at 589*5 is coincident with F raun hofer's C, and with the red line of hydrogen.
When the spark is taken in air that has passed over sulphuric acid, this line becomes very faint. A larger surface of acid being employed, the line faded out so completely that no trace of it could be perceived. Steam was then mixed with air, when this line became much brighter and the other lines of hydrogen appeared.
The presence and comparative brightness of this line form a delicate test for aqueous vapour.
b. Carbonic add.-Air that had passed through a solution of caustic potash was examined, but its spectrum was not observed to differ from that of ordinary air. When carbonic acid is added to air, several prominent lines make their appearance. These are due to carbon, since they coincide with lines in the spectrum of graphite. One of the strongest and most characteristic of these lines, and a test for carbonic acid, is a red line a little less refrangible than the hydrogen line. Its number is 580*5.
[Though a good indication of the oxygen and nitrogen compounds of carbon, the absence of this line must not always be accepted as a proof that no carbon is present. I have recently found that, when carbon is subjected to the induction spark in the pre sence of hydrogen, this line in the red is not seen. Further details of these experiments will be given when the spectrum of carbon is described. -February 7, 1864.] c. Nitrogen.-In the spectrum of the electric spark when taken in a current of pure nitrogen, a few of the lines of common air are wanting, but no new lines appear. The lines of the air-spectrum which remain in nitrogen preserve unaltered their relative brightness and their distinctive characters. In the Tables these lines are distinguished by the letter N. The nitrogen was prepared by causing air freed from carbonic acid by potash, to pass over red-hot finely divided copper which had been previously reduced from the oxide by hydrogen. The nitrogen was then dried by sulphuric acid. The freeness of the nitrogen from oxygen and from moisture was shown by the total extinction of all the lines which did not retain their usual brightness, and the absence of any trace of the strong hydrogen line. Subsequently a fresh portion of nitrogen was prepared by the same method, and a portion of it sealed up at the common pressure in a glass tube of suitable form, pierced with platinum electrodes. This tube continues to give results identical with those obtained in the current of nitrogen.
d.
Oxygen -When a current of oxygen from fused chlorate of potash was substituted for nitrogen, the numerous lines of the nitrogen spectrum faded out, and those which were extinguished by nitrogen reappeared with an intensity greater than they possess when the spark passes in air. These are distinguished in the Tables with the  letter O. No new lines were added to the spectrum, but an unexpected result was observed. Two (it may be, three) of the lines visible in nitrogen remained also in oxygen. The most noticeable of these is the double line 2642. This in the air-spectrum is not quite so strong as the line next in greater refrangibility. This brighter line became extinct in oxygen at the same time that the double line remained fully as brilliant as in air, if not a little exalted in intensity. This result, therefore, could not be due to any oxygen remaining in the nitrogen, or of nitrogen in the oxygen. The other line, which behaves similarly in oxygen and nitrogen, is thediazy one in the red, 807. The line in the Tables marked with the symbols of nitrogen and oxygen, at 3456, is in the air-spectrum a double line. The narrow defined line of nitrogen is superposed upon the broader nebu lous line of oxygen. Oxygen and nitrogen from other sources were then examined. Nitrogen was evolved from a mixture of nitrite of potash and chloride of ammonium. Oxygen was obtained from peroxide of manganese and sulphuric acid, also from bichro mate of potash and sulphuric acid, and also from oxide of mercury. The gases thus prepared were identical in their action upon the spectrum with those previously examined. I have not at present carried this inquiry further.
[I have carefully re-examined the lines which are apparently common to nitrogen and to oxygen. I now regard them as due to the superposition in the air-spectrum of lines of oxygen and of nitrogen. When the most remarkable of these, the double line 2642, is closely observed with the eyepiece of a power of 35 times, the double line, as a whole, appears to become in a slight degree more refrangible when the air is replaced by oxygen. As the oxygen lines of the air-spectrum become more brilliant in oxygen, the phenome non observed may be explained by supposing a pair of unequally bright oxygen lines to * 1 4 7 be closely approximated in position to, but a little more refrangible than, a similar pair of nitrogen lines. In air these four lines would form an ill-defined double line, while in oxygen the exaltation in brilliancy of the lines due to oxygen would make up for the extinction of those of nitrogen, thus leaving a pair similar to that seen in air, but now a little more refrangible, from the loss of the less refrangible line of nitrogen, and the greater bright ness of the faint and more refrangible of the oxygen lines. This explanation exactly corresponds with the changes in appearance and position of the double line. The obser vations have been repeated several times with oxygen from chlorate of potash, and also with oxygen from bichromate of potash and sulphuric acid. The change in position as observed relatively to the corresponding air line in the spectrum of comparison was not relied upon. The fixed cross of the micrometer was made to coincide with the oxygen line next in less refrangibility, 2626, the moveable cross was then brought upon the centre of the brighter of the pair 2642. When a current of pure oxygen was made to pass through the glass tube in which the platinum electrodes were sealed, the double line was seen to have moved from the point of intersection of the wires towards the more refrangible end of the spectrum. To restore the cross to a position similar to that which it before occupied, namely, upon the centre nearly of the brighter of the pair of lines, required that the screw should be turned through a part of a revolution corre sponding to a little more than two units of the scale. This measure is greater than the apparent change in position would have suggested, for in oxygen the lines are rather broader and more nebulous. The distance between the components of the double line is greater in oxygen. The alterations of position and of character are much better seen when the spectra of oxygen and nitrogen are viewed simultaneously.
A similar explanation is to be given of the nebulous band in the red at 807. In oxygen the position of greatest brightness is more refrangible than it is in air and in nitrogen, though the band itself does not advance beyond the more refrangible limit of the corresponding band in air. The line at 629*5 is a pure nitrogen one and fades out completely in oxygen, but then a nebulous line appears at ,a little distance, about 638. Of this, in the air-spectrum, a faint trace only can be perceived.- Feb. 1864.] 10. Sodium.-When the spark was passed between electrodes of sodium, in addition to the well-known double line, three other pairs of lines and a nebulous band made their appearance in the spectrum. The two more prominent of these are not far from air lines, and with an instrument of insufficient dispersive power might easily be con founded with them. As these lines might be occasioned by impurities in the com mercial sodium employed, I prepared an amalgam of sodium, by making mercury the negative electrode in a solution of pure chloride of sodium. The mercury had been examined, and its spectrum was known. When the spark passed between this amalgam and a platinum wire, the same lines were seen, with their peculiar characteristics of relative position and intensity. Cotton moistened with solutions of chloride of sodium and of nitrate of soda was then used as one electrode, the other being a platinum wire.
MDCCCLXIV. X
With both these salts the pairs at 820 and 1170 were satisfactorily observed, though it was with some difficulty, and only by occasional glimpses. I then compared the sodium-spectrum directly with that of the sun. So numerous are the fine lines of the solar spectrum, and so difficult is it to be certain of absolute coincidence, that X hesitate to say more than that the pail of lines 818 and 821 appeared to agree in position with K irchhoff's lines 864*4 and 861 *1; and of the pair 1169 and 1174, one appears to coincide with a line sharply seen in the solar spectrum, but not marked in K irchhoff's Map, which would be about 1150*2 of his scale, and the other with K irchhoff's line 1154*2. The other pair and the nebulous band are too faint to admit of satisfactory comparison with solar lines.
11. Potassium.-When commercial potassium is employed as an electrode, about 16 lines are seen in addition to the pair near A of the solar spectrum. Four quite distinct specimens of potassium gave identical results, the same lines being visible in all, and no other lines. I then prepared by electricity an amalgam of potassium, but, with the exception of the line 840 occasionally visible, the lines were not seen. As the potas sium lines are fainter than those of sodium, this negative result does not appear to be conclusive, since the great intensity of the mercury-spectrum might overpower the feebler lines of potassium, especially when this was present only in small quantity and not in the concentrated metallic form. One electrode was then surrounded with cotton con taining concentrated solution of chloride of potassium, and afterwards with cotton con taining that of caustic potash. W ith both these, rather more easily with the latter, the lines 840, 1049, 1065, and 1073 were occasionally and faintly perceived.
[This great diminution in the brilliancy and number of the lines when, in the place of metallic potassium, solutions of its salts are substituted, may be due to the unfavour able condition of the latter for the production of potassium vapour. The large volume of the gases formed by the decomposition of the water must disperse and attenuate the comparatively small volume of vapour of the element forming the base of the salt, and also the great expansion in the gaseous state of the constituents of the water would lower the temperature of the vapour of potassium mingled with them. The salts should be subjected to the discharge free from water, and in a condition in which they conduct the current. If dry, or fused upon the wires, they are disrupted and scattered.
A platinum wire was coiled at one extremity into a little cup-like cage. Chloride of potassium was placed in this and fused. This wire, with the fused bead of chloride, was placed above the platinum wire forming the other electrode. A spirit-lamp is placed beneath the wires; as soon as the bead is in a state of fusion, the lamp is withdrawn and contact immediately made. During the few seconds that the chloride remains fused, most of the lines of metallic potassium are seen. Of the lines 1328 and 840 the observation is less certain, and is very doubtful of 763 and of 727.
Piotochloiide of tin similarly employed gives a brilliant spectrum of tin. -Feb. 1864.] 12. Calcium, ih e spectrum was obtained from electrodes of metallic calcium, sup plied to me by Dr. M atthiessen. The colour of the spark, as seen by the eye, is bril-liant red purple. The contrast is exceedingly beautiful between this and the intense green light of thallium. Two or three nebulous bands in the red present indications of resolvability. There is also a diffused green light from 1297 to 1375. The line 1506 is in a small degree more refrangible than the strong thallium line. The strong line 1260 is very near a tin line, but the contrast between the sharp calcium line and the nebulous tin line is very marked. A pair of strong lines is seen near the extreme refrangible end of the spectrum, which may coincide with those of F raunhofer's H. This specimen of calcium produced also the lines of magnesium; these were of course omitted, as on the chemical analysis of this specimen of calcium it was found to contain magnesium.
13. Barium.-As I could not obtain barium in the metallic state, I prepared an amalgam of barium by the electrolysis of chloride of barium. The mercury was a portion of the same used in the other experiments, and which had been examined in the spectroscope. The spectrum is one of great beauty, and the lines are for the most part sharp, narrow, and intense. There is a very strong line in the indigo, near a line of platinum; the latter is furnished also by my specimens of iridium and rhodium.
The line next in greater refrangibility appears to agree very nearly in position with one of tin.
14. Strontium.-Metallic strontium prepared by Dr. M atthiessen was employed. The spectrum is exceedingly brilliant, the lines being numerous, narrow, and intense. It is remarkable for several bright nebulous columns in the red and orange; these pre sent indications of containing numerous fine lines.
This metallic strontium contains calcium, the lines of which have been eliminated. An amalgam of strontium was prepared, and with this all the principal lines of the spectrum from the metal were confirmed. As might be expected, many of the fainter lines were not recognized in the spectrum of the amalgam.
15. Manganese.-The lines were obtained from an electro-deposit of manganese from a solution of the chloride of manganese. Upon comparing this with a specimen of manganese which I was informed had been reduced by charcoal, all the lines of the electro-deposited manganese were seen in the other; but this contained, in addition, the numerous lines of the iron-spectrum. The most characteristic groups are a triple line from 909 to 915*5, the five lines from 2267 to 2401, and the close group extending from 3097 to 3133.
There are two remarkable broad nebulous bands, one at 840 and the other at 1565; the former, I suspect, is double. As the deposited manganese is brittle, the lines were fitful in consequence of the disruption of portions of the deposit by the spark. This may be the reason that some of the finer lines were not observed.
16. Thallium.-The specimen of thallium was lent me by Professor W. A. M iller, who received it as pure thallium from Mr. Crookes. With the exception of a few faint lines, one in the red rather strong, and a distinct line near the most refrangible end, the spectrum agreed with the description in Professor M iller's " Note" on Thallium*. S i l v e r .-The spectrum is that of electrotype silver, obtained from pure nitrate of silver in cyanide of potassium.
18. Tellurium.-This metal was supplied to me as pure by Messrs. J ohnson and M atthey. It contains many strong and characteristic lines. The strong line in the red is very near the strong line in cadmium, but the lattei is in a small degree less refran gible.
19. Tin.-The spectrum was obtained from purified tin, and confirmed by compa rison with electrotype tin ; one line, not observed in the spectrum of the latter, has been omitted.
20. I r o n .-Electrotype iron was employed. This spectrum agreed exactly with a specimen received from Dr. M attiiiessen as very nearly, if not quite, pure iron.
21. Cadmium.-The spectrum of purified cadmium was confirmed by comparison with cadmium electro-deposited.
22. Antimony.-The numerous and strong lines of this spectrum are, for the most part, nebulous at their boundaries. The spectrum is that of electro-deposited antimony.
23. Gold.-The specimen of which the spectrum is given was received from Pro fessor M il l e k . It was reduced b y him from the pure chloride, and fused under bisul phate of potash.
24. Bismuth.-Electro-deposited from the nitrate of bismuth. 25. Mercury.-Commercially pure mercury was washed with nitric acid, and then distilled. A portion of this was placed in a small cup made from glass tube, into which a platinum wire was sealed. The other electrode was a platinum wire.
26. Cobalt.-Electrotype cobalt from the chloride was employed. The lines are numerous, sharp, and narrow, and in their groupings there is considerable resemblance to the spectrum of iron.
27. Arsenic.-From a specimen of carefully re-sublimed arsenic received from Pro fessor M il l e k . The strong line 1814 is very near, but not quite so refrangible as, one of the strong lines of copper. The strong line in the red, 812, is near the hazy band of the air-spectrum.
28. Lead. I he lead was obtained by electrolysis from the nitrate of lead. 29. Zinc. Electrotype zinc was used. This spectrum is remarkable for the strong contrast between the nebulous lines, and others near them sharply defined.
30. C hrom ium .The chromium was electro-deposited. The triple nebulous band fiom 1081 to 1090 is remarkable. The groups of lines in the blue and indigo, which lor the most part fall between air lines, are very beautiful, and in a marked manner characteristic of this metal. o l. Osmium. Peceived as pure from Messrs. J ohnson and M atthey. Iridium and rhodium have also been measured, but, as these have lines in common, their sp ectra are deferred.
32.
Palladium.-A specimen prepared by Dr. W ollaston was observed simulta neous! y with palladium received as pure from Messrs. J ohnson and M atthey. The latter contained several lines which were not in the Wollaston specimen. The lines only which were common to both spectra were measured, and are given in the Tables.
Nebulous bands, probably resolvable, are seen at 1000, and from 1219 to 1233. 33. Platinum.-The lines of platinum are not easily observed, as several of them are fainter than the air lines near which they occur. The points of platinum must be brought near each other. The spectrum was mapped from electrodes of platinum wire specially prepared by Messrs. J ohnson and M atthey as " pure" platinum.
There are two bands of fine lines at 913 and 939. 34. The spectrum of Lithium was observed from electrodes of metallic lithium. Only one line of moderate intensity was seen in addition to the three strong lines which are known. The numbers are 52T56 s, 8568 s, 20 1 32s, 27325n.
35. Several other spectra have been measured, or are in progress; these are reserved until the remaining metals and elements, as far as may be practicable, have been investi gated.
N ote to the T ables.
Upon a re-examination of the Tables I found that it frequently occurred that lines of two or more metals were denoted by the same number. It appeared probable that these lines having a common number were not coincident, but only approximated in position within the limits of one unit of the scale employed; and besides, there might be small errors of observation. I therefore selected about fifty of these groups of lines denoted by common numbers, and compared the lines of each group the one with the other, by a simultaneous observation of the different metals to which they belong. Some of the lines were found to be too faint and ill-defined to admit of being more accurately deter mined in position relatively to each other.
The following lines appear with my instrument to be coincident. Zn, As 909 Na, Ba 1005 O, As 1737 Na, Pb 1000
Te, N 1366 Cr, N 2336 Of a much larger number of groups, the lines were, by careful scrutiny, observed to differ in position by very small quantities, corresponding for the most part to fractional parts of the unit of measurement adopted in the Tables. These are When the induction spark is taken in oxygen, a faint line is seen nearly in the position of the nitrogen line 1718.^ Since the lines of oxygen have a diminished intensity when the spark passes in air, this line would be too faint to be distinctly observed in the air-spectrum, in which it occurs in a position of close proximity to brighter lines of nitrogen. The scale upon which the spectra have been laid down limits the intensity that can be given, in the engraving, to the stronger lines. From this cause the spectra, as engraved, appear too faint. If greater force had been given to the lines, by making them broader, they would, in several spectra, have occupied singly the space in which two or more lines have to be laid down. This deficiency in strength of some of the lines is more appreciated by the eye, in consequence of the shortness of the lines of the spectra, with the exception of those of the air-spectrum. The narrowness of the spectra of the metals is unavoidable, if the great advantage of having all the spectra upon one Plate is retained.
In some of the spectra bands of unresolved light occur; these, in the Plates, are crossed with lines that they may be distinguished from groups of fine lines.
